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Acronyms 

Industry Stretch Goal Submissions 
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Source: Directorate Integration Office - ESMD “Stretch Goals” Activity Oct 16, 2006 


in 


CO 

c 

o 

o 

0 

0 
■ 4 — * 

Q . 

3 



0 



(/) 

c/> 

cd 


CD 

o 

cd 


</) 

o 

CD 

< 


S — . 

"go 

"O 


_c/) 

03 

O 

O 

o 

0 

o 

O 


0 

CD 

_c 

"• 4 — ■ 
0 
0 


0 

CD 

C 

0 

O 

i _ 

0 

c 


c 

o 

'- t — > 

o 

0 

o 

o 

I — 

£ 

0) 
-I— * 

0 

Q. 

£ 

0 


0 
O 

'c= 

o 
0 


CL 

o 

0 

> 

0 

Q 


0 

C 

o 

"• 4 — » 
0 
O 


03 

O 

"D 

C 

0 

0 

C 

o 

'0 

0 

3 

o 

0 


_0 

0 

O 

CD 

i_ 

0 


0 

0 


^ 03 


"D 

0 "5 
N 8 
<- c 
O 


0 

03 N N 


0 

£ 

£ 

3 


o 

CD 0 
0 |S| 

■M s' -H* 

0 ^ O 


g)Q CO O (0 0 l O ( 

1 1 ■ 6 ■ ■ 1 < ■ 1 ■ 



O 


0 

0 

C 

CD 

0 

C 

£ 

> 

0 

0 

Q_ 

0 

£ 

0 

1 1 

- 4 — > 

C 

0 

0 
- 1 — * 

- 1 — » 

0 

O 

0 

0 l 

O 

■ 

■ 


Mertormance or other impact/penalties 
Roadblocks 

Unintended consequences 
Bottom line 
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Overall, good participation and cooperation from all parties 
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Different ways to organize goals 

■ Technical vs. Program Management vs. Business vs. etc. 

■ Levels of application/implementation 
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Operations (22) 

■ Design for operability (1 0) 

■ Operations flow (8) 

■ Define operational end state (4) 
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Notional example 

> Automated launch umbilicals have the potential of reducing launch operations 
cost by $5M per launch or $140M over 20 years, which will be offset by 
increased infrastructure costs 
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■ Organizational = Issues concerning delegation of work to the NASA centers 
Unintended Consequences 

■ Potentially unforeseen consequences (positive and negative) due to 
implementation of goal 
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Bottom Line - LCC management is a good way to manage the balance between designing 
for LCC and optimal performance. Boeing commercial aircraft example demonstrates the 

utility of thoroughly implementing this technique. HifflTHE AEROSPACE 

ISal CORPORATION 
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Bottom Line - Large cost savings if appropriate commercially available systems available, 
but uniqueness of Cx may COTS gains as there is not a wide market to drive incentives for 

COTS development, improvement and maintenance. Further study would be needed. HBH THE AEROSPACE 

— Issl CORPORATION 
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Bottom Line - Has potential to induce multi-$B savings, but will require a large change in 
contracting methods. Further studies required. 
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Bottom Line - Has potential to induce multi-$B savings, but will require substantial shift in 
culture and development methodology. Further studies required. 
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Bottom Line - Reducing government oversight of contractors is a good way for NASA to 
cut costs, however, this will take a large shift in the way NASA currently does business. Less 

oversight will increase development risk. HE|| THE AEROSPACE 

IsSI CORPORATION 
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Bottom Line - Streamlining the management and reporting chain could potentially increase 
efficiency, but it will be challenging and must be done with care to not over-compartmentalize 

organizations. kga THE AEROSPACE 

IsSI CORPORATION 
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Bottom Line - Cx represents an opportunity to change NASA software away from legacy 
systems that are difficult to maintain. Modernized software is highly desirable, but caution 

must be used in its implementation. HE|| THE AEROSPACE 

IsSI CORPORATION 
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Bottom Line - Will reduce schedule slips and requirements creep. It will be difficult to 
balance success goals with oversight requirements. Care must be made to insure the 

pendulum doesn't swing too far. kga THE AEROSPACE 

IsSI CORPORATION 
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Bottom Line - Optimizing the size of the astronaut corps shows a potential of significant 
savings, but implementing this may meet with heavy resistance. 
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Bottom Line - Potential to streamline NASA operations significantly, but will be a major 
challenge to implement. Will encourage the realization of "One NASA." 
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Bottom Line - Will create a more analysis-based method of setting optimal requirements 
leading to significant cost savings. Full implementation will require difficult analysis and a 

major cultural change. kga THE AEROSPACE 

IsSI CORPORATION 
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Bottom Lino - Mature technology that should be investigated for use in Cx elements. 
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Bottom Lino - Requires further investigation, but looks like a beneficial stretch goal with a 

high probability of cost savings. »9ITHE AEROSPACE 

“ ^CORPORATION 
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Bottom Lino - Magnitude of potential savings implies that this should be investigated 
further. 
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25. Mission Control at Second Stage Separation 
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Bottom Line - Current method is a historical throwback. No significant cost savings, but no 
substantial reason not to give further attention. 
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Bottom Line - Degree of savings depends on how much commonality is increased. Could 
lead to substantial savings with relatively low cost incurred, and should be investigated more 

thoroughly. Degree of practical implementation is unknown. HB fl THE AEROSPACE 

— ISal CORPORATION 
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Bottom Line - Potential for large cost savings, but needs to be studied further to verify the 

numbers. May be hard to justify this approach for human-rated systems. I B B THE AEROSPACE 

— IsSI CORPORATION 
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Bottom Line - Savings in DDT&E costs down the line requires up front DDT&E penalty and 
additional requirements on near term module development. Potential for large savings and 

acceleration in lunar infrastructure development, but has the potential for adding to system __ THE aj=roSPACE 
complexity. Should be evaluated on an individual basis. BaBr;nRPnPATinM 
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Bottom Line - Will modernize many NASA operations, but it may be very difficult to 
generate tracking metrics and automated systems that are useful. 
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Bottom Line - Potential for some savings by reducing training/support expenditures, but 
savings is relatively low compared to overall Cx budget. Further investigation required on 

detailed changes that will be implemented to training program. ben THE AEROSPACE 

— ISal CORPORATION 
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Bottom Line - Will require upfront effort, but should streamline operations once it is in 
place. Care must be made to make system as simple as possible while maintaining flexibility 

to cover all areas. kga THE AEROSPACE 

IShI CORPORATION 
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Bottom Line - Common flight software may show savings once implemented, but the 
upfront costs and contractual complications may prove to be challenging. 
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benefits. Further study is required. 
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Bottom Line - HW Accessibility should be a design goal and should be considered, but 
creating a hard requirement may lead to increased DDT&E complexity. 
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Bottom Line - Potential reduction in launch delay would require significant move from 
developmental to operational status to be implemented, further study required. A goal of 

reduced pre-flight analysis would be preferred. |»g| THE AEROSPACE 

IsSI CORPORATION 
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Bottom Line - Automating is potentially a good idea, but the cost/benefit trade-offs and 
impacts on safety and reliability need to be investigated further. 
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Bottom Line - Potential for moderate savings and acceleration in lunar infrastructure 
development, but has the potential for adding to system complexity and significant cultural 

roadblocks. Should be evaluated on an individual basis. |»|| THE AEROSPACE 

— IsSI CORPORATION 
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Bottom Line — For high flight rate systems, a clean pad design has the potential to see 
significant savings; however, for a crewed flight system scheduled for only two flights per 

year, high LCC savings may not be achievable. HE|| THE AEROSPACE 

- - IsSI CORPORATION 
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Bottom Line - Changes baseline architecture. Potential for long term savings exists, but will 
require more upfront money (which NASA doesn't have.) Not Recommended for inclusion into 

requirements, but keep option open in case whole architecture changes HB H THE AEROSPACE 

— ISal CORPORATION 
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Bottom Line - The 5 day goal may be too similar to original Shuttle expectations to make it 
a stretch goal; however, the Shuttle program’s history of delays shows that meeting this goal 

throughout the life of the Constellation program may result in higher savings. bea THE AEROSPACE 

— ISB CORPORATION 
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Bottom Line - Seems to enable ground ops flexibility more than anything (i.e. ability to 
rollback on shorter notice if necessary). Cost of implementation appears to outweigh savings, 

so not recommended without further study. HE|| THE AEROSPACE 

IsSI CORPORATION 
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Bottom Line - Due to the low expected flight rate is little or no cost savings but there would 
be substantial implementation cost for modifications to the crawler, VAB or launch pads. 
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Bottom Line - While using nuclear power systems shows great design advantages for other 
subsystems, the huge upfront costs and political implications make such a system not 

feasible for Constellation. kga THE AEROSPACE 

IShI CORPORATION 
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Bottom Line - Not recommended due to low probability of impact. 
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Many good ideas received based on industry experience 

■ Shuttle operations 
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> Best place to insert requirement (what level, which document) 

> Appropriate wording for the requirement 

Many goals reflect “best practices” based on lessons learned and may have value 
beyond near-term CxP requirements process 
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ATK - Optimize Workforce 

Proposed Constellation Stretch Goal Overview 
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ATK - Contract Structure/Bonuses 

Proposed Constellation Stretch Goal Overview 
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- Establish incentive contract for DDT&E Life Cycle Cost with look-back feature; Award 
Fee for safety performance 

- Establish CS bonuses for DDT&E Life Cycle Cost 

Examples 

- Space Shuttle RSRM Buy III Production Contract 



ATK - Small Business Goals 

Proposed Constellation Stretch Goal Overview 
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- Change future RFPs to reflect cum approach 

- Potentially re-baseline all contracts to reflect cum approach 

Examples 

- DOD allows Primes to cum all supplier small business to meet goal 






CD 

O 

GQ 


THE AEROSPACE 
CORPORATION 


Constellation 
Stretch Goals 





Initial Naive Concept of Operations 
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NASA, KSC Photo, dated September 25, 1979, index number “KSC-79PC-500 


Suggested Goals to Reduce Cost of Ownership for 
Constellation Systems 
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Work on ESMD advanced programs 



Status Since Initial Briefing to Industry Team on 
October 16, 2006 in Washington DC 
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stretch goals 


Evaluation Methodology Utilized 
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Operations cost benefit over life cycle of constellation 
Low - <$10M ; Medium -$10M-$100M ;High->$100M 
Cost / Benefit Ratio 

RDT&E Cost : Reduction of Life Cycle Cost through 2028 
No time value of money factored in 


ESMD System Stretch Goals/Requirements 
- Program Management Goals 
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'Operations cost benefit over life cycle of constellation: Low - <$10M ; Medium - $10M-$100M ; High - >$100M 
'*Cost / Benefit Ratio = RDT&E Cost : Reduction of Life Cycle Cost through 2028, with no time value of money factored in 
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'Management Actions Required: Low - <$1M ; Medium - $1M-$10M ; High - >$10M 
'*Design Actions Required: Low - <$1M ; Medium - $1M-$10M ;High->$10M 

'‘‘Operations cost benefit over life cycle of constellation: Low - <$10M ; Medium - $10M-$100M ; High - >$100M 
'“‘Cost / Benefit Ratio = RDT&E Cost : Reduction of Life Cycle Cost through 2028, with no time value of money factored in 



ESMD System Stretch Goals/Requirements 
- Technical Goals 


i'- 

co 


****o/jg^ 

/ JSOQ 


***}!49Uaa 

^newo 


P^inbay 

SUo /iov 

U6 /S0q 


^Pej/nb e ^ 

.—xe 


m 

to 


° 2 
“? £ 
° c 
10 re 
£ ^ 
0) +- 
03 03 

B o 
2 E 

O) ° 

© £ 

* S 

£ re 

* « 

(/3 s- 

=3 O 

O' £ 


< I 


(/) 

c 

o 


5 

— 

TO £ 

•8 

O re 

k °- 
£ £ 

= 03 

ra £ 
in = 
03 re 
Q ^ 

3 w 

“5 JS 


o 

^r 


■ E E 
(/) (0 

b a) 

5 2 
- 1 o. 
>_ 

O £ 

**- o 

CO E 

c re 
■2 1 
£ w 

03 = 
Q. O 

O o 
o ja 

If 

§ 1 

O a 
■ ■ (0 
£ 03 

.2 f 

TO TO 

® M 
Q. 

?| 

£ o 

.? 4- 

CO O 


© 

Q 

3 

a: 

_i 

CM 


O 

■^r 


O) 

03 

c 

re 


</3 

</3 

03 

4- 

o 

> 


re 

£ 

o _© 
'£ O) 
73 C 
"2 w 
TO -o 
£ © 

'5 re 
o- M - 
© re 


Si 

re 


>3 in 




o 

in 

£ 
+-> 
re 
a 
+-> 
£ 

_ re 
© 73 

03 c 


© 

© >, 
» +-> 

11 
o t; 
£ o 

|! 

£ o 

- 1 = 
re * g 
a 73 — 
£ re 


re o 

Q. © 

2 o 


© Q. 

ft o 
o r* 
£ >» 


o 

c 

re 


3 

73 

© 

0£ 

CO 


73 
E C 

2 3 

£ "O 
> 03 


> 

o 

c 

re 

73 

£ 

3 

73 

© 


O 


o 

O C 
*- 3 

O — 
•Z © 

°-£ 
73 4- 
© re 

£ c 

o 

"4-1 

re 

o 


© 

> 

© 

£ 

re 


© 

_ > 
in -a 
£ 
re 


£ 

O 


re 


o 

o 


03 JX. 

W O 

£ 03 

o 

o o 

s— 

O 0 
| a 

E £ 
© o 

© J5 

73 
£ £ 
re *- 

m © 

0 ^ 
O) C 
re 53 

4-4 ir 

m s 

£ 03 
< 73 


© ■- 


£ 

in 

£ 

4-> 

re 

CL 

4-> 

£ 

re 

1 03 
3 ■" 
■O w 
© £ 
«- o 
O) C 
£ 3 

=5 -5 
o © 
o -= 
c * - 

. “ 4-4 

„ re 

*2 03 

o- E 

m 

g E 

= © 

« 0 
o re 

~ t 

^ Q) 
0 +-• 
c 

E > 
— £ 


© "O 
£ qj 

4-4 

m ° 

re 0 


in 


re 


£ £ 

in re 


o 

m 


in 

— 

© 

03 

73 

re 

0 

4-4 

in 

E 

© 


0 

© 

4-4 

£ 

© 

3 

O 

> 

© 


O 

© 

£ 

£ 

© 

i- 

> 

£ 

© 

£ 

© 

4-4 

4-4 

4- 

in 

O 

£ 

© 

O 

73 

£ 

3 

in 

4-> 

re 

3 


0 

© 


£ 

E 

4-4 

0 

4-4 


re 

4- 

£ 

73 

O 

© 

" 4-4 

£ 

re 

0 

in 


"o. 


E 

© 

0 

> 

0 

E 

0 

re 

© 

4-4 

© 

in 

£ 

> 


in 

"re 


£ 

< 

in 


m 


o 

CM 


£ 

O 

E 

E 

o 

a 


5 

£ 

E 

© 

4-4 

in 

> 

t/3 

© 

s_ 

re 

£ 

o 

© 

re 

© 

N 


O) 


© 

3 

O' 

"E 

3 

£ 

o 

in 

in 


£ 
© 
73 
£ 
© 
a. 
© 
73 

— .E 

£ « 

= © 
■_ 

re 
5 
e 
o 

o w 

4 -> 


re 

£ 

in 

m 

© 


© 

> 

£ 

o 

£ 

3 

re 


co 


03 


© 


in £ 
o re 

ll 

c 0 

£ © 


'Management Actions Required: Low - <$1M ; Medium - $1M-$10M ; High - >$10M 
'‘Design Actions Required: Low- <$1M ; Medium - $1M-$10M ;High->$10M 

'“Operations cost benefit over life cycle of constellation: Low - <$10M ; Medium - $10M-$100M ; High - >$100M 
'***Cost / Benefit Ratio = RDT&E Cost : Reduction of Life Cycle Cost through 2028, with no time value of money factored in 
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'Management Actions Required: Low - <$1M ; Medium - $1M-$10M ; High - >$10M 
'‘Design Actions Required: Low- <$1M ; Medium - $1M-$10M ; High - >$1 OM 

'“Operations cost benefit over life cycle of constellation: Low - <$10M ; Medium - $10M-$100M ; High - >$100M 
'***Cost / Benefit Ratio = RDT&E Cost : Reduction of Life Cycle Cost through 2028, with no time value of money factored in 



ESMD System Stretch Goals/Requirements 
- Technical Goals 


CD 

CO 


/iSQQ 


^PBJinbey 

SL, ono v 

^Pej/nbex. 

. SUo !lo Vt 
UQ UlB6r * 


© 

CN 


0) 

jD 

ro 

c 

0 ) 

o 

+■> 

■O 

a) 

£ 

3) 

(A 

a) 

T3 

a) 

-Q 

"ro 

£ 

(A 

(/) 

E 

a) 

4-1 

(A 

> 

(A 

£ 

o 

+3 

ra 

4-* 

o 

CL 

(A 

£ 

05 


CD 

U 

ro 

a 

CA 


3 ) 

c 

15 

3 


■E g 

co 

CM 


o 

CM 


-a 

£ 

ro 

.£ 

$ 

a) 

+■> 

03 

i_ 

0) 

Q. 

O 


T3 

<D 

£ 

3) 

CA 

a) 

~o 

CD 

Si 


= 03 


03 

.£ 

(A 

<33 

U) 

03 

4-4 

CO 

4 —< 

£ 

a) 

o 

<A 

a) 

o 


CD 

U) 

03 

4-4 

CO 

4-4 

£ 

a) 

o 

9 

CD 

-C 


3 

o 

-£ 


J $ 


CM 


O 

CM 


T3 

_<D 

Si 

E 

a) 

CA 

CA 

03 

CA 

b 

>* 

£ 

03 

CD 

i_ 

CD 

-Q 


(A 

E 

a) 

4-4 

CA 

> 

CA 

CD 

O 

£ 

s— 

3 

CA 

£ 

3 ) 

CA 

a) 

Q 

m 

CM 


CA 

£ 

O 

4-4 

u 

£ 

3 

4 — 

w 

£ 

o 

3 

03 

O 

a 

a 

03 

_<D 

Q- 

33 

3 

E 

a) 

4-4 

03 

T3 

O 

E 

E 

o 

o 

o 

03 


O 

CM 


CA 

CA 

a) 

o 

o 

03 

o 

O) 

s— 

05 

O 

■D 

£ 

03 

5 

o 

o 

a) 

4-4 

03 


o 

ra 


o 

~o 

£ 

_ro 

4-4 

£ 

a) 

o 

CA 

o 

T3 

CD 

.£ 

4-4 

£ 

3 ) 

CA 

CD 

a 

CO 

CM 


o 

CM 


5 

o 


£ 

3 ) 

(A 

CD 

T3 

CD 

1_ 

03 


o 

(A 
CD 
> 
s- 

■a 
o 

4-4 

3 ) 

£ 

15 

T3 
O 

E 

T3 
CD 
CA 
03 
Si 
CD 

4-4 

03 _ 
« 1 
a. “ 

o 5 
3 3 

h- 

CM 


3 ) 

£ 


O 

in 


£ 

CD 

> _ 

IS* 

3=1 

J d) 03 

> > O 

O ID 3 


3) 


£ 

£ O 
1 § 


o 

CD 

O _ — 

& 

CA « 2 

2 = o» 

£ g c 

r\ C +* 

*- E 2 

CA O O 
Coo. 
O —4 S- 
~ 3 o 
a ® o 
£ a = 
g- 15 -a 

0 -D £ 

CA t: 03 

1 2 » 

o J 5 2 

£ Q. CA 

O (U 
^ ® CA 

3 ~ > 

■a -- q, 
£ CA E 
CD ■£ E 
4-4 03 Q) 

X o m 

111 3) Q 

00 
CM 


'Management Actions Required: Low - <$1M ; Medium - $1M-$10M ; High - >$10M 
'‘Design Actions Required: Low- <$1M ; Medium - $1M-$10M ; High - >$1 OM 

'“Operations cost benefit over life cycle of constellation: Low - <$10M ; Medium - $10M-$100M ; High - >$100M 
'***Cost / Benefit Ratio = RDT&E Cost : Reduction of Life Cycle Cost through 2028, with no time value of money factored in 
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'Operations cost benefit over life cycle of constellation: Low-<$10M ; Medium - $10M-$100M ; High->$100M 
'*Cost / Benefit Ratio = RDT&E Cost : Reduction of Life Cycle Cost through 2028, with no time value of money factored in 
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- #9 - Launch Pad Refurbishment 

- #10- MLP Refurbishment 

Recommendation for future support 




Lockheed Martin #1- Vertical Integration 
Timeline 

Proposed Constellation Stretch Goal Overview 



Lockheed Martin #2- Roll out and Launch 
Timeline 

Proposed Constellation Stretch Goal Overview 



- Design provisions in MLP for rapid mate, verifications and checkout 

- Move servicing of sub elements to off pad facilities (Hypergolic propellant, ECS, ECLSS etc.) 

- Design MLP/Crawler transporter for rapid transit 

Historical examples 

- Atlas rolls to the pad, services propellant and launches in less than 24 hours 
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Lockheed Martin #4 - Vehicle Transport 
Timeline 

Proposed Constellation Stretch Goal Overview 
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Lockheed Martin #5- Rollback Safety 
Requirement 

Proposed Constellation Stretch Goal Overview 
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Implementation approach 

- Design provisions in vehicle for lockup of the cryogenic propellant ( increased pressure relief) 

- Design provisions to monitor the tank pressure continuously 

- Design flyaway vent that interfaces to vertical integration facility emergency burn stack 

Historical examples 


Lockheed Martin #6- Hypergolic Serv icing 
Consideration 

Proposed Constellation Stretch Goal Overview 
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Lockheed Martin #7- Launch Countdown 
Timeline 

Proposed Constellation Stretch Goal Overview 



- Design provisions in MLP and Crawler transporter to accommodate positioning, alignment, commodity 
connection and verification 

- Move servicing of sub elements to off pad facilities (Hypergolic propellant, ECS, ECLSS etc.) 

Historical examples 

- Atlas rolls to the pad, connects verifies and is ready to begin countdown in hours rather than days 



Lockheed Martin #8- Launch Countdown 
Duration 

Proposed Constellation Stretch Goal Overview 
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- Design provisions in vehicle for BIT and self test 

- Move servicing of sub elements to off pad facilities (Hypergolic propellant, ECS, ECLSS etc.) 

Historical examples 

- Atlas rolls to the pad, services propellant and launches in less than 24 hours 



Lockheed Martin #9- Launch Pad 
Refurbishment 

Proposed Constellation Stretch Goal Overview 

• Goal statement 
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Implementation approach 

- Design provisions for the launch pad with sacrificial plates, water deluge and rapid 
replenishment of cryogenic propellant tanks 

Historical examples 

- Atlas pad can support multiple launches with minimal time between launch servicing 


Lockheed Martin #10- MLP Refurbishment 

Proposed Constellation Stretch Goal Overview 
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Share Costs With Other Space-Faring Nations 

- Foreign Participation - As Long As Everyone Pays Their Own Way 


NGC Goal 1: 

Identification /Allocation of LCC Drivers 

Issue: LCC Drivers That Can Significantly Impact Infrequently Operated Systems Are 
Not Always Apparent - Must Identified And Allocated To Reduce LCC 



c 

0 

TD 


0 

!_ 

0 

> 

Q 

O 

O 

_i 

0 

E 

0 

-4— < 

( / ) 

> 

CO 


CO 

"D 


0 


s § 

b LD 
~ 0 
< E 

c 3 
0 0 
> > 
0 CO 

DC O 

■S'! 

=5 CD 

-I— 1 hS 

CO 0 
. . c 
0 O 

.1^ 
ro 6 

E o 

O -Q 

0 c 

CL 0 


J! 

1 2 
3 (0 

o C 

9: = 

^ i— 

■ »> 

£ £ 

0 d> 

■35 £ 

</> d) 

1 LU 

d> 

CL 

(/) ILL 
3 d> 

O -Q 
X (0 

£ 3 
d) o 

O * 

r lt 

O (0 
Q. d) 

3 - 

<o 12 

3 

LT O 

O X 

■° S 

03 

_l d) 

r o 

O <d 

s- « 

O- (0 
3 t 
<0 3 
"O CO 
<D 
X 


E 

d> 


(0 

c 

3 


d> 

O 


</> 

OT .2 

75 = 

- co 

i_ j- 
•” (0 <D 
LL £ C 

® 3 .E 
d) —I I — 

I 


(/) 

+-> 

o 

o 


T3 

0) 

Q. 

Q. 

< 

■a 

e 

(0 

T3 

d> 


£ 

d) 

T3 



O 


d) 



o 


1— 



_l 


o 



■o 

d> 


o 

<4- 

4-3 

O 


o 



0 


3 


d) 

Q_ 


T3 

d> 


£ 

O 

E 

0 

O 

s_ 

X 

| 

0 

C= 

O 

| 

-4— < 
0 
O 

CL 


O 


o 

• 


• 


• 


(0 

LU 

T3 

d) 

O 


£ 

LU 

T3 

£ 

(0 

T3 

d) 

+-> 

(0 

o 

o 


d> 


c 

0 


(/) 

£ 

o 

3 

O 

3 

T3 

<D 

DC 

o 

o 

-I 

E 

d> 

+-» 

(A 

>* 

CO 

"O 

<D 

O 

3 

■a 

o 

£ 6 

d) +3 

O d) 
£ - 
d) C 
■Z O) 
® W 

Q. A) 

X Q 

LU 

^ ® 
— TO 

£ P- 


CM 


t § CD 
O CQ ■ . 

"o. 

P I 


LU 

o 

CL 

0 

o 

cc 

LU 

< 

LU 

X 

L— 


I— 

< 

X 

o 

a. 

cc 

o 

o 



Historical Examples: 

- B-2 Life Cycle Costs, Twinjet ( B-757/767/777 ) Aircraft LCC 


NGC Goal 2: 

Failure Mode Mitigation Improvement 

• Issue: Failure Modes Mitigation Consumes Disproportionate Resources During 
Both Element DDT&E And Operational Life Cycle Phases 
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NGC Goal 3: 

Mandate Green Propulsion Across The System 

• Issue: Hypergolic Propellant And Propulsion Systems Result In Greater Life 
Cycle Costs Than Non-Hypergolic Systems 


cn 

E 

a> 

+■» 

cn 

> 

CO 

c 

o 

j/j 

3 

a. 

o 

Q_ 

O 

O 

U) 

s_ 

a> 

o. 


c 

O 


0 


c 

0 (/) 
2 c 
p g 

« C 
0) 0 
W W 

1 E 

5 - 
S §> 
JJ CO 

0 = 

■- 
CO •*-> 

"o _co 

S 0 

r- +■* 

1 = 

i<5 

o w 
0 = 
O' < 


CO 


CO 

+■» 

c 

0 

E 

c 

O 

S_ 

■> 

c 

LU 

-O 

c 

CO 

cn 

c 

o 

5 

CO 

0 

Q. 

0 

1 


0 

c 

0 

GO 

c 

o 

'5 

o 

3 

■a 

0 

on 

■■ 

-t-> CO 

0 o 
§. o 

1 o 

4-> '*-» 

8 -r 

O 


cn 

0 


CO 

+■» 

o 

CO 

L_ 

+-> 

c 

O 

O 


LU 


.2 0 
cn 
co 


o 

CO 

O 

s_ 

a. 

Q. 

< 

C 

O 


^ is jj (D 
.c p- +■» 


U) 

> 

CO 

c Q- 

< > 

»- LU 

.2 o 


Q_ i 


co 

4-J 

c 

0 

E 

0 

a 

E 


a) 

c 

0 

E 

0 

LU 

E 

0 

-*-< 

(/> 

CO 

< 

c 

O 

c 

0 

E 

0 


a- 

0 

on 


co 

-O 

c 

CO 


O) 

c 
c 

CO 

X 
-O 

c 

o$ 

s I 
“I 

V) 

0 -5 

o !2 
> 3 

1£ 

cn 

— 0 

2 ° 
o . ro 

0 Q . 

£« » 

' 0 

_J £ o 

01 c c 
l- E 0 

i- 3 

raj cr 
0 I— 0 

T ® S 

O o o 

J J o 

cn T3 
0 0 0 

f'5l 

O 01 ■§ 

A A 


cn 

(/) 

E 

_0 
3 
■D 
0 

O 

CO 
+■» 
c 
0 

E 0 

o = " 
.2 co © 

8 I 

Q t 
c o r 
0 □- ~o 

0 c 0 

W C C 

s - m t _ 

O ^ co 
^ w 0 

3 CO 


CO 

a 

o 


^ ^ C <n © 


cn 
c 

_ _ o 

CO CO £ 

C C © 

0 0-1 
*1 t 

O O 0 

Q_ Q_ £ 


0 

§ 

cn 

E 

0 

+-> 

cn 

> 

CO 

In 2 
c £ 

CO 

= cn 
0 > 
Q. CO 

2 £ 

O) 

o — 

= LL 

o +- 
U) c 

& 2 

X o 

£ "O 
+- c 

§ 2 
■D .2 

0 k . 

o E 
o o 
cn 

cn u- 
< -o 
cn © 

-*-> TI 

cn Jji 
o © 

o E 


» o 


cn 

CO 

s 

T3 

c 

CO 

■ ■ 

_cn c 
co o 

° J 

O ^ 


i2 o 
© GO 

« 8 

■2 o 
re o 

0 3 

•*-* u 
cn cn 
c 0 
o 01 

<■> 3 

■D .ti 

0 CO 

CO c 
0 

01 


Q — i 


NGC Goal 4: 

Improved Mission Control Operating Modes 

• Issue: Continuous MCC Staffing And Current Methods For Communicating 
Objectives To Flight Crews Drive Excessive Facilities And Personnel Resources 
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Unintended Consequences: 

- None, Assuming Flight Systems Are Designed Accordingly 
Other Lessons Learned To Date: 

- Navy Crew Size Reductions Without Mission Impairment 


NGC Goal 5: 

System Element Flight Envelope Certification/Qps 

• Issue: Historically ‘Experimental’ Nature Of Spacecraft and Launch Vehicle CONOPs 
Involves An Arduous Analysis Cycle Before Every Flight, and Thus Commensurate 
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- Model After Aircraft Systems 

Historical Examples: 

- Aircraft Developments / Evolutions / Upgrades / Ops 


NGC Goal 6: 7 

In-Soace Re-Supplv / Reuse Extensibility 

• Issue: Architecture Based On High Levels Of Expendability Is Costly 

• Recommendations: Incorporate Provisions For Evolution To Flight Systems Reuse Using 
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Historical Examples: Aircraft, Shuttle, ISS And Other Space Stations, Aerial Refueling 

Shipping Containers 

Related Constellation Stretch Goals: 

- In-Situ Resource Use, Both Moon and Mars - Major LCC Reductions 


NGC Goal 7: 

Maximize Subsystem / Component Commonality 

• Maximum Commonality Of Subsystems And Components 

- Combined Logistics And Support Infrastructures 
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Mission Operations Software 

> Flight Planning and Simulation 

> Communication and Networking 

> Ground Interfaces 
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Organization reporting relationships 
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Pratt & Whitney Rocketdyne 
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NASA should audit contractors tools and 
processes to determine if they meet or exceed 
NASA requirements 
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Developers Need to Consider the Recurring Impacts on Operations 
for Decisions Made During the Development Process 





Moving From Viewgraphs to Reality Can Be Expensive 
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Constellation Stretch Goals - Program Management 
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Constellation Stretch Goals - Program Management 
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Constellation Stretch Goals - Program Management 
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Constellation Stretch Goals - Program Management 
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Constellation Stretch Goals - Design/Operations 
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Constellation Stretch Goals - Design/Operations 


Ql 

0 

t: 





0 

CO 

CD 

U) 

TO 

01 


q. 

a. 

w 

TO 

O 

O 


0) 


h. « 
o 

o _ 
(0 
o < 
co c n 
^ 3 


Constellation Stretch Goals - Design/Operations 


£ 





o 

Tf 


<D 

D) 

to 

Ol 


q. 

a. 

w 

TO 

O 

O 


a> 


h. « 

o 

o _ 
(/) 
o < 
co c n 
^ 3 


Constellation Stretch Goals - Design/Operations 


£ 





CD 

U) 

to 

Ol 


q. 

a. 

w 

TO 

O 

O 


0) 


o 

o _ 
(/) 
o < 
co c/) 
^ 3 


Constellation Stretch Goals - Design/Operations 



Ql 

0 

§ 


is 

& 


CM 

CD 

O) 

03 

Q. 


a 

a. 

w 

TO 

O 

O 


0) 


h. « 
o 

o _ 
(0 
o < 
co c n 
^ 3 


Constellation Stretch Goals - Design/Operations 



Ql 

0 

§ 


is 

& 


CO 


<D 

U) 

to 

Ol 


a 

a. 

w 

TO 

O 

O 


0 


O 

o _ 
(/) 
o < 
co c o 
^ 3 


Constellation Stretch Goals - Design/Operations 



o 

§ 


is 

& 




0 ) 

D) 

03 

CL 


a 

a. 

w 

TO 

O 

O 


0 


h. « 

O 

o _ 
(/) 
o < 
co c n 
^ 3 
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Constellation Stretch Goals - Business/Financial 
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The Need for Operations Involvement 
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Ability to draw upon existing vendor base for 
additional depth 




